Cardiac rehabilitation (CR) services improve various clinical outcomes in patients with cardiovascular disease, but such services are underutilized, particularly in women. The aim of this study was to identify evidence-based barriers and solutions for CR participation in women. A literature search was carried out using PubMed, EMBASE, Cochrane, OVID/Medline, and CINAHL to identify studies that have assessed barriers and/or solutions to CR participation. Titles and abstracts were screened, and then the full-text of articles that met study criteria were reviewed. We identified 24 studies that studied barriers to CR participation in women and 31 studies that assessed the impact of various interventions to improve CR referral, enrollment, and/or completion of CR in women. Patient-level barriers included lower education level, multiple comorbid conditions, non-English native language, lack of social support, and high burden of family responsibilities. We found support for the use of automatic referral and assisted enrollment to improve CR participation. A small number of studies suggest that incentive-based strategies, as well as home-based programs, may contribute to improving CR attendance and completion rates. A systematic approach to CR referral, including automatic CR referral, may help overcome barriers to CR referral in women and should be implemented in clinical practice. However, more studies are needed to help identify the best methods to improve CR attendance and completion of CR rates in women.
C ardiac rehabilitation (CR) is a costeffective, class 1 recommended component of the continuum of care for patients with cardiovascular disease 1, 2 that has been shown to improve various important patient outcomes, including exercise capacity, cardiovascular risk factor control, social functioning, and psychological well-being, hospital readmission rates, and mortality rates. 1, [3] [4] [5] [6] [7] [8] [9] Despite this, however, CR utilization remains low, 6, [10] [11] [12] [13] particularly among women. [14] [15] [16] Women are substantially less likely to be referred to a CR program (odds ratio [OR] , 0.68), 15 to enroll in CR once referred (OR, 0.64), 14 and to complete a full course of CR (OR, 0.73), as compared with men 17 (OR, 0.89). 18 The negative impact of this treatment gap is accentuated by the fact that clinical outcome improvements after CR are at least as great in women as in men. [17] [18] [19] [20] [21] [22] [23] [24] Although some studies have identified gender-related barriers to CR 14, 25, 26 and others have assessed efforts to reduce those barriers, [27] [28] [29] uncertainty exists regarding the relative strength of various strategies to improve CR utilization by women. With the objective to provide clinicians and policymakers with specific evidence-based strategies to improve CR participation in women, we carried out a systematic literature review to (1) identify gender-related barriers to CR participation, and (2) enable us to rate solutions to the gender-related gap in CR participation, according to the level of published evidence that supports them.
METHODS
To identify studies on barriers and their potential solutions to CR participation, we carried out a systematic and comprehensive search in PubMed, EMBASE, Cochrane, OVID/Medline, and CINAHL databases. An expert librarian designed the search with input from the lead investigator (M.S.P.) using key search terms (see Supplemental Appendix 1, available online at http://www.mayoclinic proceedings.org). We supplemented the search by reviewing references in the selected articles, structured reviews, and metaanalyses. We followed the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) recommendations in performing our systematic review. 30 To identify studies of barriers and solutions to CR participation that are pertinent to recent gender-related health care delivery gaps, we selected randomized clinical trials, controlled clinical trials, and observational studies that had been published before October 20, 2016, without language restrictions. Studies were restricted to those whose sample included adults older than 18 years who had CR-eligible diagnoses, such as myocardial infarction, percutaneous coronary intervention, coronary artery bypass graft surgery, heart failure, heart valve surgery (replacement or repair), heart transplantation, and stable angina. International studies were included.
We excluded studies that lacked genderspecific results, although for studies on potential solutions to low CR referral, enrollment, and completion rates, we included all studies in which the percentage of women in the sample was specified, even if the results were not specified by gender, given the low number of studies in this category. Although qualitative studies can help clarify the underlying issues surrounding the delivery of health care services, we excluded them from our analysis to focus on the highest level of published evidence from clinical trials and observational studies that have studied the most common barriers to and most effective solutions for CR participation in women.
Two reviewers (M.S. and J.R.M.-I.) working independently and in duplicate analyzed the eligible studies to assess the risk of bias using a modified Ottawa classification for observational studies and the Cochrane assessment tool for randomized clinical trials (RCTs). 31, 32 Disagreement between reviewers was resolved by consensus.
The search results were uploaded using systematic review software (Covidence). Two reviewers (M.S. and J.R.M.-I.) independently reviewed all abstracts and titles for inclusion. After abstract screening and retrieval of potentially eligible studies, the full-text publications were assessed for eligibility with excellent chance-adjusted interreviewer agreement (K statistic, 0.831169). Duplicate studies were excluded. Disagreements were resolved by group consensus. The senior author (R.J.T.) reviewed results for accuracy.
All coauthors reviewed the solutions identified from the literature search and scored each solution by the American College of Cardiology/American Heart Association guidelines for level of evidence (level A ¼ 1 or more high-quality RCTs or meta-analyses; level B-R ¼ 1 or more moderate quality RCTs or meta-analyses; level B-NR ¼ 1 or more moderate quality nonrandomized studies; level C ¼ 1 or more studies with significant limitations; level E ¼ based on expert opinion, published evidence lacking or unclear) and strength of recommendation (class 1 ¼ strong, benefit much greater than risk; class 2a ¼ moderate, benefit greater than risk; class 2b ¼ weak, benefit greater than or equal to risk; class 3 ¼ no benefit [moderate], benefit equal to risk; class 3: harm [strong], risk greater than benefit) for each solution. 33 Coauthor responses were summarized and any items that lacked a clear majority agreement were resolved by additional discussion. Because the barriers identified did not The study selection process is described in more detail in Supplemental Figure 1 , available online at http://www.mayoclinicproceedings. org.
Overall, studies included in our review had moderate risk of bias mainly driven by unclear allocation concealment and blinding for RCTs and/or inappropriate patient selection and follow-up for observational studies. A summary of the risk of bias of the included studies is presented in Supplemental Appendix 2 and Supplemental Figure 2 , available online at http://www. mayoclinicproceedings.org.
Barriers to CR Referral, Enrollment, and Completion
We identified 24 studies related to barriers on CR participation in women. 18, 27, Table 1 lists the patient-, provider-, and social/ environmental-level factors that were identified, including those that are nonmodifiable (eg, age and diagnosis) and potentially modifiable (eg, transportation barriers). It is worth noting that the studies in our analysis reported barriers that were pertinent to the patient groups unique to their study cohort and local factors (eg, the ethnicity/racial mixture of the study cohort, transportation challenges, or number of available CR centers). Care should be taken in applying in one location or setting, the results of studies from different locations or settings. among others factors, have been shown to limit participation in and completion of CR by women. A patient's lack of information on or familiarity with CR can serve as a barrier to participation. 18 Likewise, negative beliefs or perceptions about CR are associated with lower CR participation. 18, 43 Of note, we found discrepant results regarding the association between CR participation and a history of either percutaneous coronary intervention or coronary artery bypass graft, with 2 studies 40, 43 reporting lower rates of CR participation in these groups and another study suggesting the opposite. 53 A similar discrepancy was noted with a history of depression, with one study 51 reporting that depression was associated with lower rates of CR completion, whereas another study showed no significant association between depression and CR participation, for men or for women. 37 Of interest, obesity was found to be associated with higher CR participation rates 41 but lower completion rates, as compared with nonobese patients. 51 Provider-level Factors. A strong, supportive endorsement of CR by a health care professional has been shown to improve CR participation rates for women and for men. 54 Social/Environmental-level Factors. Transportation problems, 18, 45 family obligations at home, lack of CR insurance, and financial concerns 35, 49 are all associated with lower CR participation by women. In addition, a lack of social support from family and friends has been reported to be a barrier to CR enrollment. 54 Solutions to CR Referral, Enrollment, and Completion A total of 31 studies were identified that assessed the impact of various interventions that were aimed at improving CR participation. [27] [28] [29] The percentage of participants who were women in these studies was 37.37%, with 27 of the 31 studies including less than 50% of female participants. Six studies listed results separately for women and men, 57, 62, 68, 72, 78, 79 whereas only 3 studies assessed interventions to improve CR participation exclusively in women. [27] [28] [29] Interventions that have been reported to improve CR participation are listed in Table 2 , along with the ratings for their level of evidence and strength of recommendation. Systematic approaches to CR referral (eg, automatic referral and "liaison" coaching interventions) have been found to improve CR referral in women and in men, but their impact on CR enrollment is variable. 67, 68 Interventions aimed to help patients enroll in CR promptly after hospital discharge have been found to improve CR referral, enrollment, and completion rates. 65, 79 In addition, Interventions with a letter describing a strong support for CR participation by a health care provider, posthospital home-based visits, and/or telephone calls have also been found to help improve CR participation. 58, 59, 69, 75 Home-based CR delivery may contribute to improving participation and completion rates 72 for men and for women, based on the results of a meta-analysis. 84, 85 Tele-health delivery models may also help increase CR enrollment and completion rates, particularly in women, who appear to be greater adopters of tele-health health care delivery tools and interventions. 86, 87 DISCUSSION This is the first study to our knowledge to have systematically reviewed CR participation barriers for women and provide a practical summary of specific and effective evidencebased interventions to facilitate their participation with the last goal of decreasing the high burden of cardiovascular disease among women.
We identified 24 studies 18,27,34-55 that ascertained significant and unique barriers for women associated with reduced referral, enrollment, and participation in women. The barriers identified reflect a complex array of demographic, socioeconomic, medical, and societal challenges that impede the delivery of CR services for all patients, but particularly for women. Many of the barriers appear to be either nonmodifiable (eg, age and gender) or are not easily modifiable (eg, socioeconomic status, financial constraints, and education level). Others, such as a low awareness of CR or a lack of strong physician recommendation or referral to CR, appear to be more amenable to corrective action.
We also identified 31 published studies [27] [28] [29] that analyzed the impact of various interventions on CR referral, enrollment, and completion. Several types of interventionsdprimarily systematic approaches to CR referral, enrollment, and completiond were considered to be of highest strength of recommendation and level of evidence, as noted in Table 2 . It is worth noting that these highly rated, systematic approaches to improving CR delivery can help to reduce most, if not all, types of barriers to CR participation, including both modifiable and nonmodifiable barriers. Systematic approaches, such as automated CR referral systems, [64] [65] [66] [67] [68] 73, 76 liaison/nurse-to-patient contact, 56, 66, 68, 80, 82 and early posthospital enrollment, 63, 78, 79 are feasible and effective ways to overcome referral bias, improve awareness of CR, and address other barriers that are particularly challenging for women in need of CR. The use of systematic approaches to CR enrollment would help to address the current common problem of delayed enrollment, 78 an important issue since each day of enrollment delay translates into a 1% decrement in the likelihood of CR enrollment. 88 At the same time, such approaches may play an essential role in addressing the lack of support or endorsement that have been reported as barriers to CR participation among women.
Furthermore, incentive programs, 74, 77 flexible hours, and the use of alternative delivery CR models are additional strategies that can help women once they enroll in CR to avoid "dropping out," and instead receive a "full dose" of CR services. The impact of such interventions can have a considerable impact, potentially tripling the level of CR participation and the related health benefits for women (and for men) in need of CR services. 89 Alternative models of CR delivery that offer more flexible and personalized treatment options, including the use of homebased and/or smartphone-based CR models, may be even more ideally suited for women than for men. 86, 87 Women-only CR programs have been tested in a relatively small number of studies, and may play a role in helping to provide more flexible options to women in need of effective CR services. Further research is warranted in exploring the impact of these alternative delivery models on CR outcomes in both women and men. In addition, further studies are needed that explore the barriers and potential solutions to CR participation for women, related to their specific psychosocial and health perception parameters. 27, 51 Additional work is also needed to explore the impact of larger-scale, public awareness campaigns, such as the Go Red For Women campaign from the American Heart Association on CR awareness and participation among women. 90 Finally, the interplay between gender and ethnicity warrants further investigation, particularly because women in underrepresented minority groups experience various health care disparities, including the underutilization of CR services. 91 
Study Limitations
Our review of barriers to CR participation for women was admittedly focused on quantitative research studies and could be enhanced by the addition of qualitative studies that may further elucidate some CR barriers, such as the lack of peer support. 92 Our assessment of interventions aimed at improving CR participation is limited by the relatively low availability of published studies on gender-based solutions to CR referral, enrollment, and participation. However, the studies in our analysis did include a significant number of women, sufficient to provide evidence for the impact of various interventions on CR participation in women.
CONCLUSION
A wide, complex variety of modifiable and nonmodifiable barriers exist that limit CR participation in women. High-quality systematic approaches to improving CR participation can help to overcome these barriers and are strongly recommended. New delivery models for CR, such as home-based and/or smartphone-based CR, appear to be promising approaches to help improve CR delivery to women, but further research is needed in this important area.
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